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Abstract  In an effort to identify a possible role for type III collagen in the morphogenesis of 
circumvallate papillae on the surface of the rat tongue, we examined its appearance by fluorescent 
immunostaining, in conjunction with differential interference contrast (DIC) images and images 
obtained, after staining with toluidine blue, in the transmission mode by laser-scanning microscopy. 
We analyzed semi-ultrathin sections of epoxy resin-embedded samples of the lingual mucosa of 
embryonic and juvenile rats, 13 after conception (E13) to day 21 after birth (P21). 
Immunoreactivity specific for type III collagen was recognized first in the mesenchymal connective 
tissue just beneath the circumvallate papilla placode in fetuses on E13. At this stage, most of the 
lingual epithelium with the exception of the circumvallate papilla placode was pseudostratified 
epithelium composed of one or two layers of cuboidal cells. However, the epithelium of the 
circumvallate papilla placode was composed of several layers of cuboidal cells. Immunoreactivity 
specific for type III collagen was detected mainly on the lamina propria just beneath the lingual 
epithelium of the rudiment of the circumvallate papilla and the developing circumvallate papilla in 
fetuses on E15 and on E17, and slight immunostaining was detected on the lamina propria around 
the rudiment. In fetuses on E19, immunoreactivity specific for type III collagen was widely and 
densely distributed on the connective tissue around the developing circumvallate papillae and, also, 
on the connective tissue that surrounded the lingual muscle. However, the immunoreactivity 
specific for type III collagen was sparsely distributed on the lamina propria of each central papillar 
structure. After birth, from P0 to P14, morphogenesis of the circumvallate papillae advanced 
2gradually with the increase in the total volume of the tongue. At these postnatal stages, the intensity 
of the fluorescence due to immunoreactivity specific for type III collagen was distinctively 
distributed on the lamina propria around each circumvallate papilla, on each central bulge, and on 
the connective tissue that surrounded the lingual muscle. However, immunofluorescence was less 
distinct on the connective tissue that surrounded the lingual muscle. Thus, type III collagen 
appeared in conjunction with the morphogenesis of the circumvallate papillae, as well as in the 
connective tissue that surrounded the lingual muscle during myogenesis of the rat tongue. 
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Introduction 
 
Analysis of the tongues of rats1 and mice2 by scanning electron microscopy has revealed that, in 
both species, rudiments of the fungiform and circumvallate papillae, which are related to the sense 
of taste, become visible earlier than those of the filiform papillae, which are not involved in taste. 
Moreover, the rudiment of the circumvallate papilla, which appears singly on the midline of the end 
of the lingual body, is already recognizable in rat fetuses on embryonic day 16 (E16) and in mouse 
fetuses on E15. Studies by light and transmission electron microscopy demonstrated that there are 
no rudiments of filiform papillae and signs of keratinization are absent from the dorsal lingual 
epithelium of rats and mice during the middle and late periods of gestation. Keratinization of the 
dorsal lingual epithelium, together with the rudiments of filiform papillae, is clearly recognizable in 
newborn rats and mice. 3, 4 As reported by Iwasaki et al.,5, 6 keratin 13 (K13) and K14 are expressed 
at specific times and in specific regions of the lingual epithelium during the morphogenesis of 
filiform papillae. K14 is located exclusively on the basal and suprabasal cells, and K13 is located on 
the intermediate layer of the interpapillary cell column. Moreover, K14 is considered to be a marker 
of mitotically active cells in the oral epithelium. However, triggers for the mitotic activity of basal 
and suprabasal cells remain to be identified. In addition, differences in morphogenetic mechanisms 
between gustatory and non-gustatory papillae remain to be clarified. Thus, for a full understanding 
of the morphogenesis of both the gustatory and non-gustatory papillae, it is important to analyze the 
major components of both the epithelium and the mesenchyme or connective tissue. 
The major collagenous components of the skin are type I and type III collagens.7, 8 Other 
collagens are less abundant but are essential for normal skin physiology. 7 Furthermore, the 
extracellular matrix, which includes type I and type III collagens, is involved in the end process of 
angiogenesis.9-11 Type III collagen participates in intramembranous ossification12, 13 and there have 
been several reports of the distribution of type I and type III collagen in tooth germs.14-16 However, 
little information is available about the distribution of type III collagen in the oral mucosa. Xu et 
al.17 described the distribution of types I and III collagen in the oral mucosa of mice. They reported 
3that types I and III collagen are widely present in the oral mucosa during postnatal development. 
However, they did not describe the distribution of types I and III collagen at embryonic stages. 
The present study was designed to clarify the timing of the appearance and changes in the 
expression of immunoreactive type III collagen in the lingual mucosa during the morphogenesis of 
the circumvallate papillae. As indicated in a previous study,18 in which we used a combination of 
immunofluorescence staining of semi-ultrathin sections and laser-scanning microscopy of 
corresponding sections in the transmission mode, it is likely that type III collagen appears in 
conjunction with the morphogenesis of filiform papillae and the keratinization of the lingual 
epithelium, as well as in the connective tissue that surrounds the lingual muscle during myogenesis 
of the rat tongue. In our present study of the circumvallate papilla, we used, similarly, a 
combination of immunofluorescence staining of semi-ultrathin sections and laser-scanning 
microscopy of corresponding sections in the transmission mode to localize type III collagen, in an 
attempt to obtain clear images of histological and cellular structures for analysis. 
Materials and methods 
 
Animals 
 
Sprague-Dawley rats (SPF; Japan SLC, Hamamatsu, Japan) were used for all observations. 
Sixteen-week-old females were caged with breeding males of the same age and examined for 
vaginal plugs; the day that a plug was observed was considered to be the first day of gestation (E1). 
The gestation period of this strain of rats is approximately 21 days. Fetuses were removed on E13, 
E15, E17 and E19 from pregnant female rats after they had been killed by an intraperitoneal 
overdose of sodium pentobarbital (120 mg/kg body weight). Tongues were also removed 
postnatally from rats just after birth (P0), on postnatal day 7 (P7), on postnatal day 14 (P14) and on 
postnatal day 21 (P21). Each experimental group consisted of five animals and consistent results 
were obtained in each group. The experiments were performed in accordance with the “Guide for 
Animal Experiments” of the Nippon Dental University School of Life Dentistry at Niigata.
Antibodies 
Rabbit polyclonal IgG, raised against type III collagen that had been purified from rat skin, was 
purchased from Chemicon International, Inc. (Temecula, CA, USA). Biotin-conjugated antibodies 
raised in goat against rabbit IgG were purchased from Nichirei (Tokyo, Japan). 
 
Preparation of tissues 
Tongues, taken from five fetuses each on E13, E15, E17 and E19 and from five juveniles each on 
4P0, P7, P14and P21, were fixed in 4% formaldehyde, titrated from paraformaldehyde, in 0.1 M 
phosphate buffer (pH 7.4) at 4 oC for 5 h. The circumvallate papillae taken from the tongues were 
trimmed to be suitable for the frontal section in the middle of each papilla in the antero-posterio 
direction because, at the postnatal stages, they have significant length along the anterior-posterior 
axis as shown by Iwasaki et al.1 After rinsing in 0.1 M phosphate buffer, all samples of the 
circumvallate papillae were dehydrated and embedded in epoxy resin (Epon 812; TAAB, Reading, 
UK), which was allowed to polymerize overnight at 60 oC. Epoxy resin-embedded samples were cut 
into 800-nm sections with a diamond knife on an ultramicrotome (MT-XL; RMC, Tucson, AZ, 
USA). The sections were mounted on glass slides and incubated in 10% sodium methoxide for 2.5 
min at room temperature to remove the epoxy resin.19 Then, after passage through an acetone series, 
they were transferred to phosphate-buffered saline (PBS; pH 7.4). 
 
Immunofluorescence labeling 
After retrieval of antigens by heating sections in a 500 watt microwave oven for 2.5 min in 10 mM 
sodium citrate buffer, pH 6.0,20 adjacent sections on slides were allowed to cool for 8 min and were 
then transferred to PBS (pH 7.4) at room temperature. Adjacent sections were incubated overnight 
at 4 oC with the primary polyclonal antibodies specific for rat type III collagen. To determine the 
optimum working dilutions of type III collagen-specific antibodies, we tested dilutions from 1:25 to 
1:800. The optimum dilutions were estimated to be 1:50 and 1:100. 
After washing in PBS, adjacent sections were incubated with the above-mentioned 
biotin-conjugated goat antibodies against rabbit IgG for 30 min at room temperature and then with 
streptavidin-Alexa Fluor® 633 (Molecular Probes, Eugene, OR, USA) for 30 min at room 
temperature. Sections were then mounted with FluoroGuardTM Antifade Reagent (Bio-Rad 
Laboratories, Hercules, CA, USA). The specificity of immunoreactions was checked by preparation 
of the controls under the following conditions: (a) omission of the primary antibodies; (b) 
replacement of the primary antibodies by normal mouse serum at the same dilution; and (c) 
pre-absorption of primary antibodies with the corresponding antigen at 10 to100 µg/ml for 24 h at 4 
oC. 
No immunolabeling of the lingual epithelium of either fetal or juvenile rats was seen in any of the 
negative controls. 
 
Confocal laser-scanning microscopy 
 
All specimens were examined with a confocal laser-scanning microscope (LSM510 or LSM710; 
Carl Zeiss, Jena, Germany) that was equipped with an argon laser or a helium-neon laser. The 
dimensions of all images displayed on the monitor were 1024 x 1024 pixels. For single scanning, 
for detection of the fluorescence of Alexa Fluor○R 633, we used a 633-nm laser wavelength filter; a 
514/633 primary dichroic beam-splitter; and a 650-nm low-pass filter. All specimens were 
examined with a confocal laser-scanning microscope that was fitted with a HeNe laser. 
5Combinations of pixel sizes from 0.12 µm x 0.12 µm to 0.17 µm x 0.17 µm and a 40x objective 
with a numerical aperture (NA) of 0.75 were used for observations. Immediately after recording 
immunofluorescent images, we also recorded the differential interference contrast (DIC) image of 
each specimen. Furthermore, after staining of specimens with 0.2% toluidine blue (Waldeck GmbH 
& Co., Münster, Germany) in 2.5% Na2CO3, we examined the corresponding images by 
laser-scanning microscopy in the transmission mode. Finally, three images, showing the 
immunoreactivity specific for type III collagen and the histology, recorded in transmission mode, 
were stacked on top of one another by computer for analysis (Fig. 1). 
Results 
 
Immunohistochemical localization of type III collagen in combination with 
corresponding DIC images 
As shown in Figures 2 and 3, DIC images did not reveal the distinct histology and cell morphology 
of the lingual mucosa. However, they did reveal the profiles of distribution of immunoreactivity of 
type III collagen in the lingual mucosa around the circumvallate papilla.  
 
Fetuses 
 
In fetuses on E13, immunoreactivity specific for type III collagen was restricted to the connective 
tissue just beneath the circumvallate papilla placode, which was coincident with the putative site of 
development of the circumvallate papilla. The histology and cell structures of the circumvallate 
papilla placode were unclear on DIC images. No lingual muscle was visible in the region around the 
circumvallate papilla placode (Fig. 2a).  
DIC images indicated that morphogenesis of the rudiment of the circumvallate papilla began 
on E15. However, at this stage, no connective tissue papillae had yet begun to penetrate into the 
basal side of the epithelium of the rudiment of the circumvallate papilla. No lingual muscle was 
visible in this region (Fig. 2b).  
However, on E17, connective tissue papillae had begun to penetrate the center of the 
developing circumvallate papilla. Even the DIC images revealed that myogenesis of the tongue had 
begun. At the same time, immunoreactivity specific for type III collagen had spread through the 
connective tissue between the epithelium that contained the developing circumvallate papilla and 
the newly forming muscle, and immunoreactivity was still relatively distinct in the connective 
tissue just beneath the epithelium of the developing circumvallate papilla. However, it was very 
sparse in the connective tissue papillae of the developing circumvallate papilla. Immunoreactivity 
specific for type III collagen was also dispersed in the connective tissue around the developing 
muscle (Fig. 2c).  
6On E19, the developing circumvallate papilla was clearly visible on DIC images, in particular 
in the vertical direction, and connective tissue papillae penetrated deeply into the central bulge and 
franking ridge of the developing circumvallate papilla. Immunoreactivity specific for type III 
collagen was densely distributed within the connective tissue between the epithelium and the 
lingual muscle. However, it was very sparse in the connective tissue papillae of the developing 
circumvallate papilla. Although myogenesis of the tongue had clearly progressed, immunoreactivity 
specific for type III collagen was sparsely scattered on the connective tissue around the lingual 
muscle (Fig. 2d). 
 
Juveniles 
 
In juveniles on P0, the developing circumvallate papilla had increased in size significantly and 
especially in the horizontal direction, as distinct from the vertical direction, and the epithelium of 
the developing circumvallate papilla was visible as squamous stratified epithelium on DIC images. 
The connective tissue papillae penetrated deeply into the central bulge of the developing 
circumvallate papilla from the basal side. In newborns on P0, immunoreactivity specific for type III 
collagen was more distinct than at previous stages in the connective tissue between the epithelium 
and the muscle layer, and it was also clearly recognizable in the connective tissue papillae. The 
lingual muscle was already well developed at this stage (Fig. 3a).  
On P7, DIC images showed that morphogenesis of the circumvallate papilla had progressed 
significantly, and connective tissue papillae penetrated deeply and extensively into the central bulge. 
The circular sulcus around the central bulge had gradually extended towards the base of the papilla. 
The lingual muscle was well developed in the posterior part of the tongue, as already noted on P0. 
The histological features of the epithelium of the circumvallate papilla could not be clearly 
distinguished on DIC images. Immunoreactivity specific for type III collagen was very distinct 
within the connective tissue between the epithelium and the muscle layer, and it was clearly 
recognizable in the connective tissue papillae in the central bulge. Immunoreactivity specific for 
type III collagen was also distinct in the connective tissue around the lingual muscle, as also noted 
on P0 (Fig. 3b).  
In the circumvallate papilla of juveniles on P14, DIC images showed that the papillae had 
become somewhat elongated in the vertical direction, and the circular sulcus around the central 
bulge extended further towards the base of the papilla than on P7. The connective tissue papillae 
penetrated deeply into the center of the central bulge, and the lingual muscle had matured 
completely. Immunoreactivity specific for type III collagen was significant and distinct within the 
connective tissue between the epithelium and the muscle layer, and it was also recognized in the 
connective tissue around the lingual muscle. It is noteworthy that, at this stage, the 
immunoreactivity specific for type III collagen was much more widely and densely distributed in 
the connective tissue papillae in the central papilla than on P7 (Fig. 3c).  
On P21, DIC images revealed that both the horizontal profile of the circumvallate papilla and 
the volume of the connective tissue papillae in the center of the central bulge were significantly 
7larger than on P14. The circular sulcus around the central bulge was well developed. The lingual 
muscle had matured, as noted in juveniles on P14. Immunoreactivity specific for type III collagen 
was widely and distinctively distributed both within the connective tissue between the epithelium 
and the muscle layer and in the connective tissue papillae of the central bulge, and it was also 
recognized in the connective tissue around the lingual muscle (Fig. 3d). 
 
Immunohistochemical localization of type III collagen in combination with 
corresponding images obtained by confocal laser-scanning microscopy in the 
transmission mode 
 
Figures 4 and 5 show stacked images of immunoreactivity specific for type III collagen on confocal 
laser-scanning micrographs, obtained in the transmission mode after staining of sections with 
toluidine blue. The stacked images revealed the details of the histology and cell morphology of the 
circumvallate papilla itself and of the region around it more clearly than the each profile of 
immunoreactivity and DIC image. 
 
Fetuses 
 
Examination of specimens from fetuses on E13 by confocal laser-scanning microscopy in the 
transmission mode showed clearly that the dorsal epithelium of the posterior part of the tongue was 
forming the circumvallate papilla placode. At this stage, most of the lingual epithelium, with the 
exception of the circumvallate papilla placode, was pseudostratified epithelium that was composed 
of one or two layers of cuboidal cells. By contrast, the epithelium of the circumvallate papilla 
placode was composed of several layers of cuboidal cells with large round nuclei. The central part 
of the circumvallate papilla placode consisted of condensed cuboidal cells, and it became the 
circumvallate papilla at later stages. A single layer of periderm cells formed a smooth covering on 
the free-surface side of the cuboidal epithelial cells that corresponded to the circumvallate papilla 
placode. The border between the epithelium and the connective tissue was almost smooth. 
Myogenesis of the tongue was not recognizable. Immunoreactivity specific for type III collagen was 
located only on the mesenchymal connective tissue just beneath the epithelial thickening, forming a 
very thin layer, as deduced from DIC images. No immunoreactivity specific for type III collagen 
was recognized on the mesenchymal connective tissue just beneath the epithelium beside the 
circumvallate papilla placode. However, confocal laser-scanning microscopy in the transmission 
mode confirmed that immunoreactivity within the connective tissue just beneath the circumvallate 
papilla placode was not coincident with the basal membrane. At this stage, no immunoreactivity 
specific for type III collagen was recognized in any other region of the mesenchymal connective 
tissue in the posterior part of the tongue (Fig. 4a).  
On E15, confocal laser-scanning microscopy in the transmission mode clearly revealed that 
most of the dorsal epithelium of the posterior part of the tongue was composed of one or two layers 
of cuboidal cells and that each epithelial cell had a large round nucleus. However, the epithelium 
8formed a thickening composed of more than ten layers of cuboidal cells in the rudiment of the 
circumvallate papilla exclusively. A single layer of periderm cells formed a smooth covering on the 
free-surface side of the cuboidal epithelial cells of the rudiment of the circumvallate papilla and of 
other regions. The border between the epithelium and the connective tissue was almost smooth, and 
no penetration of connective tissue into the basal side of the epithelium of the rudiment was evident. 
Cellular and extracellular components, which were lightly stained with toluidine blue, could be 
distinguished as a branched and elongated structure just beneath the rudiment of the circumvallate 
papilla under the confocal laser-scanning microscope in the transmission mode. Myogenesis and 
angiogenesis of the posterior part of the tongue were barely recognizable at this stage. 
Immunoreactivity specific for type III collagen was distributed mainly in the mesenchymal 
connective tissue just beneath and in the vicinity of the epithelium of the rudiment of the 
circumvallate papilla. At this stage, no immunoreactivity specific for type III collagen was evident 
in the mesenchymal connective tissue far from the rudiment of the circumvallate papilla (Fig. 4b, 
c).  
On E17, as revealed by DIC images, connective tissue papillae had clearly begun to penetrate 
the center of the developing circumvallate papilla. This region was filled with cellular and 
extracellular components that were lightly stained with toluidine blue just beneath the rudiment of 
the circumvallate papilla on E15. Confocal laser-scanning microscopy in the transmission mode 
showed clearly that myogenesis of the posterior part of the tongue had already started at this stage 
and conspicuous blood vessels appeared in the lamina propria around the developing circumvallate 
papilla, excluding the central bulge. Immunoreactivity specific for type III collagen was widely 
dispersed in the connective tissue between the epithelium that included the developing 
circumvallate papilla and the newly forming muscle. However, it was still relatively distinct in the 
connective tissue just beneath the epithelium of the developing circumvallate papilla. With the 
exception of the connective tissue just beneath the circumvallate papilla, immunoreactivity specific 
for type III collagen was mainly located around immature blood vessels that were forming during 
the early stage of angiogenesis. Immunoreactivity specific for type III collagen was also dispersed 
in the connective tissue around the developing muscle. In general, immunoreactivity was not very 
distinct at this stage (Fig. 4d, e).  
On E19, confocal laser-scanning microscopy in the transmission mode indicated clearly that 
morphogenesis of the developing circumvallate papilla had progressed significantly, as shown also 
by DIC images. The central bulge of the circumvallate papilla had elongated significantly in the 
vertical direction. Furthermore, the flanking ridge had also increased in size around the central 
bulge, as also evident in DIC images. The epithelium of the entire circumvallate papilla had become 
stratified and squamous by E19. Each cell of the epithelium, from the basal layer to the surface 
layer, was oval with a large round nucleus, and periderm cells, which had been somewhat swollen 
and elliptical on E17, had disappeared completely. These phenomena were more distinct in images 
obtained in the transmission mode than in DIC images. Penetration of the connective tissue into the 
central bulge was evident. Most part of the central bulge was filled with cellular and extracellular 
components that were lightly stained with toluidine blue, as was the case in the developing 
9circumvallate papilla on E17. Myogenesis of the tongue progressed significantly between E17 and 
E19, and the lingual muscle was fully developed on E19. However, the endomysium and 
perimysium were not fully developed. Conspicuous blood vessels were widely distributed in the 
lamina propria of both the central bulge and the flanking ridge of the developing circumvallate 
papilla. Immunoreactivity specific for type III collagen was densely distributed within the 
connective tissue between the epithelium and the lingual muscle and around the blood vessels. 
Immunoreactivity was very limited in the connective tissue papillae of the central bulge. By 
contrast, it was distinct in the connective tissue of the flanking ridge. Although myogenesis of the 
tongue had clearly progressed, immunoreactivity specific for type III collagen was sparsely 
scattered in the connective tissue around the lingual muscle (Fig. 4f, g). We failed to observe any 
recognizable signs of keratinization of the epithelium in the developing circumvallate papillae from 
E13 to E19 by confocal laser-scanning microscopy in the transmission mode (Fig. 4a-g). 
 
Juveniles 
 
After birth, confocal laser-scanning microscopy in the transmission mode indicated clearly that the 
developing circumvallate papilla was significantly enlarged, in particular, in the horizontal direction 
as distinct from the vertical direction, as also evident in DIC images. The epithelium of the 
circumvallate papilla appeared squamous and stratified. The border between the epithelium and the 
connective tissue was somewhat more undulated than on E19, but not so significantly. Nuclei were 
still visible in cells as far as the surface layer. These features are typical of non-keratinization. The 
connective tissue papillae penetrated deeply toward the center of the central bulge. However, no 
cellular and extracellular components that stained lightly with toluidine blue were recognizable at 
this stage. Myogenesis of the tongue was not very significant between E19 and P0. Therefore, the 
amount of lingual muscle on P0 was almost same as on E19 in the posterior part of the tongue. The 
endomysium and perimysium of the lingual muscle developed significantly between E19 and P0. 
The conspicuous blood vessels were clearly distributed in the lamina propria of the central bulge 
and the flanking ridge, as observed on E19. Immunoreactivity specific for type III collagen in 
newborns on P0 was more distinct than on E19 in the entire connective tissue between the 
epithelium and the muscle layer, and it was also clearly recognized in the connective tissue papillae 
of the central bulge. Immunoreactivity specific for type III collagen in the connective tissue that 
included the endomysium and perimysium around the lingual muscle was more distinct than on E19 
(Fig. 5a-c).  
In juveniles on P7, the circumvallate papillae were larger horizontally than on P0. Connective 
tissue papillae were also wider than on P0. The epithelium of the central bulge and the flanking 
ridge of the circumvallate papilla was non-keratinized stratified squamous epithelium. The cells and 
their nuclei, from the basal layer to the shallow intermediate layer, were round, while the cells and 
nuclei in the surface layer were elliptical. The circular sulcus around the central bulge had elongated 
towards the base of the papilla. Myogenesis of the tongue seemed to be almost complete, and the 
endomysium and perimysium of the lingual muscle were also mature at this stage. Relatively large 
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cavities of blood vessels were recognizable in the lamina propria of the central bulge and the 
flanking ridge, as was also the case on E19. Immunoreactivity specific for type III collagen in 
juveniles on P7 was significant and distinct within the connective tissue between the epithelium and 
the muscle layer. It was more clearly recognizable in the connective tissue papillae located in the 
central bulge than on P0. However, it was not as distinct as that in the flanking ridge. 
Immunoreactivity specific for type III collagen within the endomysium and perimysium around the 
lingual muscle was still distinct, as on P0 (Fig. 5d-f).  
In the analysis of circumvallate papillae of juveniles on P14, confocal laser-scanning 
microscopy in the transmission mode showed that the papillae had elongated somewhat in the 
vertical direction, and the circular sulcus around the central bulge had also elongated further 
towards the base of the papilla than on P7, as revealed also in DIC images. The connective tissue 
papillae penetrated deeply into the center of the central bulge. The lingual muscle beneath the 
circumvallate papilla was completely and fully developed, and the endomysium and perimysium 
were also well developed. The large cavities of blood vessels were not significant in the lamina 
propria of the central bulge and the flanking ridge, differing in this regard from those on P7. 
Immunoreactivity specific for type III collagen was significant and distinct within the connective 
tissue between the epithelium and the muscle layer, and it was also recognized in the endomysium 
and perimysium around the lingual muscle. It is significant that, at this stage, immunoreactivity 
specific for type III collagen was more widely and densely distributed in the connective tissue 
papillae in the central bulge than on P7 (Fig. 5g-i).  
In juveniles on P21, confocal laser-scanning microscopy in the transmission mode revealed 
that both the profile of the circumvallate papillae, in particular in the horizontal direction, and the 
volume of the connective tissue papillae in the center of the central bulge were significantly larger 
than on P14. The total width of the circumvallate papilla on P21 was about twice that on P14. The 
circular sulcus around the central bulge was well developed. The lingual muscle had matured, as 
observed also in juveniles on P14. The connective tissue papillae penetrated widely and deeply into 
the central bulge. The lingual muscle beneath the circumvallate papilla was completely developed, 
and the endomysium and perimysium were also well developed. Immunoreactivity specific for type 
III collagen was widely and distinctively distributed both within the connective tissue between the 
epithelium and the muscle layer and in the connective tissue papillae of the central bulge and of the 
flanking ridge, and it was clearly recognized in the endomysium and perimysium around the lingual 
muscle (Fig. 5j-l). 
 
Discussion 
Iwasaki et al.1, 2 demonstrated that, in rats and mice, the rudiments of fungiform and circumvallate 
papillae, which are related to the sense of taste, are visible earlier than those of the filiform papillae, 
which are not involved in this phenomenon. They suggested, from these observations that the 
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mechanism of morphogenesis of gustatory papillae, such as fungiform and circumvallate papillae, 
might be different from that of non-gustatory papillae, namely, filiform papillae. Recently, Mbiene 
and Roberts23 reported that the circumvallate papilla placode appeared in mice on E13 and, also, 
that the rudiment of circumvallate papilla appeared on E15.5. Thus, the study by Mbiene and 
Roberts23 and the present study indicate that the circumvallate papilla placode and the rudiment of 
circumvallate papilla seem to appear on almost the same embryonic day both in mice and rats. 
Furthermore, the results of the present study also indicate that, at embryonic stages from E15 to E19, 
the rudiment of the circumvallate papilla first elongates vertically, and then the developing 
circumvallate papilla grows mainly in the horizontal direction just after birth, from P0 to P7. It 
grows in the vertical direction from P7 to P14 and then grows again in horizontal direction from 
P14 to P21. In addition, there is a possibility that the conspicuous blood vessels, which appear 
around the developing circumvallate papilla from E17 to P0, might play an important role in the 
supply of materials for the radical morphogenesis of the circumvallate papilla. 
Collagens of various types are, collectively, the most abundant proteins in vertebrates, and 
they play important structural and morphogenic roles in extracellular matrices and basement 
membranes in many tissues and organs.24 In particular, type III collagen is found with type I 
collagen in many stromal connective tissues.25 As Garrone et al.7 stated, other types of collagen are 
less abundant but are certainly extremely important for normal skin physiology. Xu et al.17 
described the distribution of collagens I and III in regions of the oral mucosa of mice, such as the 
hard palate, gingiva and buccal mucosa. Their results indicate that type III collagen might play an 
important role in the flexibility of the connective tissue of the oral mucosa, as well as in the 
regulation of the diameters of collagen fibrils in the tissue.  
The distribution and role of type III collagen in the anterior part of the tongue during 
morphogenesis of the tongue have been reported by Iwasaki et al.21. Their previous study indicated 
that type III collagen is present in the lamina propria during organogenesis of the tongue at the 
middle and later fetal stages and continues to be present as one of the major extracellular 
components of the mucosal connective tissue. The present study indicates that type III collagen is 
restricted initially to the mesenchymal connective tissue just beneath the circumvallate papilla 
placode on E13 and also just beneath the rudiments of circumvallate papillae on E15. On E17, type 
III collagen is distributed somewhat more extensively in the mesenchymal connective tissue in the 
posterior part of the tongue. These results imply that the appearance of type III collagen might be 
related to the beginning of morphogenesis of the circumvallate papilla placode and the development 
of the rudiments of circumvallate papilla in the posterior part of the tongue. 
In the anterior part of the tongue after E1921, levels of type III collagen increased rapidly in the 
connective tissue between the epithelium and the lingual muscle and in the endomysium and 
perimysium around the lingual muscle. The present study also indicates that levels of type III 
collagen increased rapidly in the connective tissue between the epithelium and the lingual muscle 
and in the endomysium and perimysium around the lingual muscle in the posterior part of the 
tongue after E19. These two observations indicate clearly that the pattern of distribution of type III 
collagen is almost identical in the anterior and posterior parts of the tongue after E19, and that type 
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III collagen is at least one of the major collagenous components of the connective tissue in both the 
anterior and posterior parts of the tongue just before birth and postnatally. However, very little 
immunoreactivity specific for type III collagen was recognizable at prenatal stages from E17 to E19 
in the lamina propria of the central bulge, which was occupied by cellular and extracellular 
components that stained only slightly with toluidine blue. This phenomenon might be explained in 
terms of the structural and chemical nature of the lamina propria of the central bulge but it remains 
to be clarified. 
Anstrom et al.11 noted recently that the terminal steps in angiogenesis include the formation of 
a subendothelial basal lamina that contains collagen IV and an extracellular matrix that contains 
collagens I and III. In the cited earlier study by Iwasaki et al., 21 images obtained on E15 by 
confocal laser-scanning microscopy in the transmission mode indicated clearly that type III 
collagen was widely distributed in the mesenchymal connective tissue prior to myogenesis of the 
anterior part of the tongue, and they also indicated that type III collagen is located mainly around 
immature blood vessels during angiogenesis. The present study revealed immunoreactivity specific 
for type III collagen around immature broad blood vessels during the early stages of angiogenesis 
beneath the developing circumvallate papilla. These observations suggest that type III collagen 
might play a role during the terminal stages of angiogenesis in the morphogenesis of both the 
anterior and the posterior parts of the tongue. 
Furthermore, as shown by confocal laser-scanning microscopy in the transmission mode, 
although myogenesis of the tongue progressed significantly from E17 to E19, immunoreactivity 
specific for type III collagen was not yet significant at these stages. The images did not seem to 
suggest that type III collagen might play an important role in the actual myogenesis of the tongue. 
However, as shown by confocal laser-scanning microscopy in the transmission mode at stages after 
P0, type III collagen appears to be one of the major components of the endomysium and 
perimysium around the lingual muscle. In addition, the endomysium and perimysium around the 
lingual muscle mature after myogenesis is almost complete. In this context, there are no significant 
differences between the anterior and the posterior parts of the tongue.21 
As indicated by Iwasaki et al. 5, 6, K13 and K14 are expressed with specific timing and in 
specific regions of the lingual epithelium during the morphogenesis of lingual papillae. K14 is 
located exclusively in the basal and suprabasal cells, and K13 is located in the intermediate layer of 
the interpapillary cell columns. K14, in particular, is considered to be a marker of mitotically active 
cells in the oral epithelium. Recently, Jonker et al.26 demonstrated that the product of the Pax9 gene, 
which belongs to a group of nine transcription factors that are characterized by the presence of a 
DNA-binding ‘paired’ domain, regulates the morphogenesis of filiform papillae and modulates 
various differentiation pathways in the epithelium that is derived from the anterior surface ectoderm. 
In particular, the product of Pax9 appears to be an important factor in the region-specific 
differentiation of the surface ectoderm. Furthermore, Iwasaki et al.18 suggested that epidermal 
growth factor (EGF) might affect the expression of keratins in the lingual epithelium via 
epithelium-mesenchyme interactions. These previous studies indicate that organogenesis of the 
tongue during embryonic and postnatal development involves the appearance and changes in levels 
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of various proteins in the epithelium, and Iwasaki et al.21 suggested that type III collagen in the 
connective tissue might play an important role in organogenesis of the tongue. However, the present 
study failed to demonstrate any specific role for type III collagen and it failed to reveal any 
relationship between this collagen and the proteins located in the epithelium during morphogenesis 
of the circumvallate papilla. Thus, we must continue to clarify the localization of the extracellular 
substances, if we are to develop a complete understanding of the morphogenesis of the gustatory 
papillae, such as fungiform and circumvallate papillae. 
In previous studies, to clarify the localization of immunoreactivity in tissues and cells, we used 
a combination of immunofluorescence staining of semi-ultrathin sections and corresponding DIC 
images obtained by confocal laser-scanning microscopy. Using this technique, we were able easily 
to detect and localize immunofluorescence in the tongues of rat fetuses and juveniles at embryonic 
and postnatal stages.5, 6, 18, 27 In the present study, we used confocal laser-scanning microscopy in the 
transmission mode in addition to DIC images, to examine the same specimens as those in which we 
monitored the fluorescence of Alexa Fluor 633 in an effort to obtain more distinct histological and 
cell-morphological images than DIC images. By combining immunofluorescence images and 
corresponding images obtained by confocal laser-scanning microscopy in the transmission mode, 
we were able to define the histological localization of type III collagen more clearly than when we 
combined immunofluorescence images and the corresponding DIC images. Our method should be 
applicable to various kinds of tissue and cell of which only very small amounts are available. 
Furthermore, even though microwave heating of specimens just before immunofluorescence 
staining20 was developed for antigen retrieval in formalin-fixed, paraffin-embedded specimens, we 
found that it was also useful for antigen retrieval in paraformaldehyde-fixed, epoxy resin-embedded 
specimens under the appropriate conditions. 
In conclusion, the appearance and pattern of distribution of type III collagen in the embryonic 
connective tissue around the developing circumvallate papilla are different from those in the 
anterior part of the tongue. These differences might be due mainly to differences in morphogenetic 
processes between the filiform papillae and the circumvallate papilla during fetal development. 
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Figure legends 
 
Fig. 1. Schematic illustration of the procedure for combining laser-scanning micrographs that show 
the localization of immunoreactive type III collagen with DIC images and for combining 
immunofluorescence staining with the corresponding images, obtained by laser-scanning 
microscopy (LSM) in the transmission mode, after staining specimens with toluidine blue. 
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Fig. 2. Combinations of laser-scanning micrographs that show the localization of immunoreactive 
type III collagen, examined at 633 nm, in the fetal tongue and DIC images that show the histology 
and morphology of cells on semi-ultrathin sections of the circumvallate papillary area. (a) Frontal 
section from a fetus on E13. Circumvallate papilla placode (CPP) is clearly recognized; (b) frontal 
section from a fetus on E15. A rudiment of the circumvallate papilla (RCP) is observed; (c) frontal 
section from a fetus on E17; (d) frontal section from a fetus on E19. Circumvallate papilla (CP) is 
gradually developing from E17 to E19; E, Dorsal lingual epithelium; PE, periderm; CT, connective 
tissue; CS, circular sulcus; BV, blood vessel; arrows, connective tissue papillae. Scale bars: 10 µm. 
 
Fig. 3. Combinations of laser-scanning micrographs that show the localization of immunoreactive 
type III collagen, examined at 633 nm, in the postnatal tongue and DIC images that show the 
histology and morphology of cells on semi-ultrathin sections of the circumvallate papillary area. (a)
Frontal section from a newborn on P0; (b) frontal section from a juvenile on P7; (c) frontal section 
from a juvenile on P14; (d) sagittal frontal section of the anterior area of the circumvallate papilla 
from a juvenile on P21. E, Dorsal lingual epithelium; CT, connective tissue; CB, central bulge; FR, 
franking ridge; CS, circular sulcus; M, muscle; BV, blood vessel; SD, secretory duct of Ebner’s 
gland; arrows, connective tissue papillae. Scale bars: 10 µm. 
 
Fig. 4. Combination of laser-scanning micrographs that show the localization of immunoreactive 
type III collagen, examined at 633 nm, in the fetal tongue and images obtained by confocal 
laser-scanning microscopy in the transmission mode that show the histology and cellular 
morphology of semi-ultrathin sections of the circumvallate papillary area. (a) Frontal section from a 
fetus on E13. Circumvallate papilla placode (CPP) is clearly recognized; (b) frontal section from a 
fetus on E15. A rudiment of the circumvallate papilla (RCP) is observed; (c) higher magnification 
of periderm cells (PE) on the surface of the epithelium in b; (d) frontal section from a fetus on E17; 
(e) higher magnification of periderm cells (PS) on the surface of the epithelium in d; (f) frontal 
section from a fetus on E19; (g) higher magnification of periderm cells (PE) on the surface of the 
epithelium in f. E, Dorsal lingual epithelium; N, nuclei of epithelial cells; CT, connective tissue; CB, 
central bulge; FR, franking ridge; CS, circular sulcus; M, muscle; BV, blood vessel; arrows, 
connective tissue papillae. Scale bars: 10 µm. 
Fig. 5. Combination of laser-scanning micrographs that show the localization of immunoreactive 
type III collagen, examined at 633 nm, in the postnatal tongue and images obtained by confocal 
laser-scanning microscopy in the transmission mode that show the histology and cellular 
morphology of semi-ultrathin sections of the circumvallate papillary area. (a) Frontal section from a 
newborn on P0; (b) higher magnification of the epithelium of a circumvallate papilla in a; (c)
higher magnification of the muscle layer including the perimysium (PM) and the endomysium (EM) 
in a; (d) frontal section from a juvenile on P7; (e) higher magnification of the epithelium of a 
circumvallate papilla in d; (f) higher magnification of the muscle layer including the perimysium 
(PM) and the endomysium (EM) in e; (g) sagittal frontal section of the anterior area of the 
circumvallate papilla from a juvenile on P14; (h) higher magnification of the epithelium of a 
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circumvallate papilla in g; (i) higher magnification of the muscle layer including the perimysium 
(PM) and the endomysium (EM) in g; (j) frontal section from a juvenile on P21; (k) higher 
magnification of the epithelium of a circumvallate papilla in j; (l) higher magnification of the 
muscle layer including the perimysium (PM) and the endomysium (EM) in j. E, Dorsal lingual 
epithelium; N, nuclei of epithelial cells; CT, connective tissue; CB, central bulge; FR, franking 
ridge; CS, circular sulcus; M, muscle; BV, blood vessel; TB, taste bud; SD, secretory duct of 
Ebner’s gland; arrows, connective tissue papillae. Scale bars: 10 µm. 
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